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MODIFIED CARBON ADSORBENTS AND PRCicESSES FOR 
ADSORPTION USING THE SAMli 

FIELD OF THE INVENTION 

5 This invention relates to carbon adsorbents made from modifiec^ carbonaceous materials and also 

relates to a method of using thise adsorbents, including a method to! increase the adsorption capacity 
and/or alter the adsorption affinity of carbonaceous materials capable of adsorbing an adsorbate. 

B ACKGROUND OF THE INVENTle ^bN 
Adsorption is an impoitant operation in many industrial prcbesses. The effectiveness of an 

10 adsorbent depends^ primarily, on its surface area, pore structure, and Surface chemistry. The nature of 
the adsorbate which is to be aJsorbed frequently dictates the chemidal nature of the adsorbent. For 
example, carbonaceous adsorbents are often used to selectively remove organic compounds from liquid, 
gaseous, or vapor media. Siliai and alumina based adsorbents are employed to selectively adsorb polar 
adsorbates such as water, ammonia, and the like from similar media. 

efficacy of an adsorbent for a particular application is usuiilly determined by the adsorption 
capacity and selectivity of the adsorbent for the adsorbate in question. The adsorption capacity may be 
measured per unit mass or pej* unit volume of the adsorbent. In g^sneral, the higher the adsorption 
capacity and selectivity of an adsorbent for a particular adsorbate, the inore useful it is. since less of the 
adsorbent has to be used to effect the same removal of the adsorbate. 

20 Carbonaceous materials, such as activated carbon, carbon l^iack. and the like, represent an 

important class of adsorbents which are used in many fields such as separation, purification, and waste 
treatment, among others. Bec;mse of their widespread use, any method for improving the adsorption 
properties of carbonaceous adsorbents for a particular adsorbate can h^ive a large impact on the efficacy 
and economy of the processes utilizing them. Therefore, attempts have been made in the past to modify 

25 the surface chemistry of carbonaceous adsorbents. The methods empM)ycd for their modification can be 

broadly classified into physical and chemical means. In surface mjxlification by physical means, a 

species is deposited on the surface of the carbonaceous adsorbent to form a layer which then changes its 
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adsorption properties. However, such modification techniques have limited utility because 0.e deposited 
layer is easily removed. In surface modificion by chemical means, the modifying species is attached 
to the carbon surface by a chemical bonding mechanism. 

The characteristics of the adson^tion isotherm, representing the relationship between the extent 
of adsorption and adsorbate concentration or adsorbate partial pressure at a fixed temperature, is also 
of importance. As dei^cribed by Sircar et al. in "Activated Carbon for Gas Separation and Storage." 
. £aib2D. Vol. 34. No. l.pp. 1-12 (1996). the Characteristics of the preferred adsorption isotherm will 
depend on the separation process being employed. For example, in cases where adsorbent regeneraUon 
is effected by a pressure swing, the preferred adsorbent is one with a moderate affinity for the adsorbate. 
When the «korbate is strongly adsorbed, that is. when it has a strong affinity for the adsorbent, 
regeneration becom*. difficult and energy intensive. On the other hand, when the adsorbent exhibits a 
weak affinity for the adsorbate. it has a small adsorption capacity at low adsorbem partial pressures and. 
hence, the adsorption mass transfer zone becomes very long. Thus, the availability of a method for 
altering the affinity of an adsorbent for an adsorbate is advantageous. 

Thus, any method for increasing the adsorption capacity and/or modifying the adsorption affinity 
of the adsorbem enhances its usefulness in adsorpUon applications. As already noted, chemical 
modification can be used to alter the adsorptive properties of carbonaceous adsorbents. The range of 
chemical species which can be attached, however, is limited. 

Bansal. Dom.et and Stoeckli (in Chapter 5 ofm,^^. Marcel Dekker. Inc.. 1988) have 
reviewed differem techniques of carbon surface modification. Physical impregnation methods are 
described, as are methods that rely on chemical reaaions with various species to modify the surface of 
U.e carbon. Some of the chemiad surface modification techniques described by Bansal et al. are 
oxidation, halogenation. sulfonation. and ammoniation. Several of these techniques requi« treatmem 
of the carbon at elevated temperatures. Another technique involving oxidation of the carbon with HNO, 
in the presence of a caulyst. has been described by Sircar and Golden (U.S. Patent No. 4,702.749). 
However, these techniques have certain disadvantages apparem to those familiar with the field. 

SUBSTTTUTE SHEET (RULE 26) 
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In view of the limited utility of chemical means of modifying the surfaces of carbonaceous 
adsorbents, there still is a nejd to develop modified carbon adsorbents, preferably with improved 
adsorption capacity over the unmodified material. 

SUMMARY OF THF, INVENTION 

To achieve these and other advantages and in accordance Mth the purposes of the present 
invention, as embodied and broadly described herein, the present Invention relates to an adsorbent 
composition containing a modified carbonaceous material capable of adsorbing an adsorbate. 

Another embodiment cf the present invention relates to a n^ethod to increase the adsorption 
capacity of a carbonaceous material capable of adsorbing an adsorbate ht altering the adsorption isotherm 
of the adsorbate on the adsorbent, for instance, to allow an easier regdneration of the adsorbent. In this 
method, at least one organic i;roup capable of increasing the adsorption capacity of a carbonaceous 
material is attached to the carbsnaceous material. 

The present invention, in addition, relates to a method of adsorbing an adsorbate and includes 
the step of contacting the adsorbate with a carbonaceous material whiih has been modified by attaching 
an organic group. The modifiej carbonaceous material is capable of arilsorbing the adsorbate and at least 
one organic group is attached to the carbonaceous material. 

Additional features anij advantages of the present inventiort will be set forth in part in the 
description which follows, and in part will be apparent from the description, or may be learned by 
practice of the present invention. The objectives arid other advantages of the present invention will be 
realized and attained by means of the elements and combinations particularly pointed out in the written 
description and appended claims. 

It is to be understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory only and are intended to jirovide further explanation of the 
present invention, as claimed. 

The accompanying figures, which are incorporated in and constitute a part of this specification, 
illustrate several embodiments of the present invention and together wilih the description, serve to explain 
the principles of the present invention. 
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BRIEF DKSr)^^ ^PTION OF THE DRAWlMf^ R 
Figure 1 is a graph plotting the amount of water adsorption on modified and umnodified carbon 

black. 

Figure 2 is a graph plotting the amount of water adsorption on modified and unmodified activated 

carbon. 

Figure 3 is a graph plotting the amount of water adsorption on modified and umnodified carbon 
black per unit surface area. 

Figure4isagraph plotting the amount of water adsoxptionon modified and unmodified activated 
carbon per unit surface area. 

Figure 5 is a graph plotting the amount of CO, adsorption on modified and umnodified carbon 
black at 273 K. 

PgTAILEP DESCRfPTfOM thr PPRopi^ iNVRNnf>i^ 
In further deuil. an adsorbent composition of the present invention contains a modified 
carbonaceous material capable of adsorbing an adsorbate wherein at least one organic group is attached 
to the carbonaceous material. 

The CMto™c«,u, nuuerial «,pab,e of adsortihg .n ad.orba« i^. b„, „ „ „. 
.Clv.^, ^n. carbon b,«k. or omer ^ ^ 

««l OU, polym^k. or Cher precursor,. TOs inclute ca,bo,»a»us ■m.erial which U . w.«c p,od«, 
or b,i,rodaa. Pr.,«*|j,, ^ crbon««.« n„«ri., is carbon or carbon black capable of 

-iaorbi,, an adaorba*. OK^ercia, exa™pl» of carbo. black incluOc. bo, .„ ». „. Black 

Pearla, 2000 carbon black. Black P.arl.7 430 c«bon black, Bl«* Pearls, 900 carbon black. 

Bl»* Pearls, .20 carbon black, all available from Cabo. CorporaUon. Conune„i„ 
«»mpl.s of .«iva«d carbon include Darco S5I, available fix-n, NoHt; Sorbonori. 3. available 

Nori.. and BPL achvaW carbon from Calgon. The carbonaceous n^erial modified by 

*e procedure described herein n.y be a micropo^us or mesoporous activatol carbon i„ 

granular or peUe, form; a carbon black of ditTeren, s,ruc««s in flufiy „, peiic^d form; or any 

o*er carbonaceous m.,«ial „bose "PP-l-b^i^^ *is U,v»,«o„ is apparent ,o .hose skilled 
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in the art, such as carbon fillers or carbon cloth. The choice vj)f carbonaceous material used 

r 

eventually: depends on a variety of different factors, including the application for which it is 
intended. Each of these typss of carbonaceous material has th? ability to adsorb at least one 
adsorbate. A variety of BET surface areas, micropore volumes, and total pore volumes are 
5 available depending on the desired end use of the carbonaceouis material. 

Carbonaceous materials include, but are not limited ;to, material obtained by the 
compaction of small carbon particles and other finely divided forms of carbon as long as the 
carbon has the ability to adsorb at least one adsorbate and is capable of being chemically 
modified in accordance with the present invention. 

^0 The carbonaceous material described above is then modified by the attachment of an 

organic group to the carbonaceous material. Preferred proaisses for attaching an organic 
group to a carbonaceous material are described in detail in U.S. Patent Application 
Nos. 08/356,660, 08/572,52:5, 08/356,459, and 08/356,653, alji incorporated in their entirety 
by reference herein. These j)rocesses can be preferably used in preparing the modified carbon 

15 adsorbents of the present invention and permit the attachmeiit of an organic group to the 
carbonaceous material via a ;:hemical reaction. As indicated abi^ve, the organic group attached 
to the carbonaceous material is one preferably capable of increasing the adsorption capacity 
of the carbonaceous material. 

A preferred process for attaching an organic group la the carbonaceous materials 

20 involves the reaction of at least one diazonium salt with a icarbonaceous material in the 
absence of an externally ap])lied current sufficient to reduce tire diazonium salt. That is, the 
reaction between the diazonium salt and the carbonaceous material proceeds without an 
external source of electrom: sufficient to reduce the diazonium salt. Mixtures of different 
diazonium salts may be nstid. This process can be carried out under a variety of reaction 
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conditions and in any type of reaction medium, including both protic and aprotic solvent 
systems or slurries. 

In another preferred process, at least one diazonium salt reacts Avith a carbonaceous 
material in a protic reaction medium. Mixtures of different diazonium salts may be used in 
this process. This process can also be carried out under a variety of reaction conditions. 

Preferably, in both processes, the diazonium salt is formed in situ. If desired, in either 
process, the modified carbonaceous material can be isolated and dried by means known in the 
art. Furthermore, the modified carbonaceous material can be treated to remove impurities by 
known techniques. The various preferred embodiments of these precesses are discussed 



10 below. 



The processes can be carried out under a wide variety of conditions and in general are 
not limited by any particular condition. The reaction conditions must be such that the 
particular diazonium salt is sufficiently stable to allow it to react with the carbonaceous 
material. . Thus, the processes can be earned out under reaction conditions where the 
diazonium salt is short lived. The reaction between the diazonium salt and the carbonaceous 
material occurs, for example, over a wide range of pH and temperature. The processes can 
be earned out at acidic, neutral, and basic pH. Preferably, the pH ranges from about 1 to 9. 
The reaction temperature may preferably range from O'C to 100»C. 

Diazonium salts, as known in the art. may be formed for example by the reaction of 
primary amines with aqueous solutions of nitrous acid. A general discussion of diazonium 
salts and methods for their preparation is found in Morrison and Boyd. Organic Chen,;^ 
5th Ed., pp. 973-983. (Allyn and Bacon. Inc. 1987) and Mareh. Advanced 0..,n.. ni,,^;^.. 
R^^ctiQns . Mgr>hPni^s, and Stp.rtnrn 4th Ed.. (Wiley. 1992). According to this invention, 
a diazonium salt is an organic compound having one or more diazonium groups. 

SUBSTITUTE SHEET (RULE 26) 
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The diazonium salt ma y be prepared prior to reaction with the carbonaceous material 
or, more preferably, generated in situ using techniques known in the art. In situ generation 
also allows the use of unstable diazonium salts such as alkyl I diazonium salts and avoids 
unnecessary handling or manipulation of the diazonium sail) In particularly preferred 

5 processes, both the nitrous acid and the diazonium salt are generated in situ. 

A diazonium salt, as is known in the art, may be genejrated by reacting a primary 
amine, a nitrite and an acid. The nitrite may be any metal nitrite, preferably lithium nitrite, 
sodium nitrite, potassium nitjite, or zinc nitrite, or any organiC: nitrite such as for example 
isoamylnitrite or ethylnitrite. The acid may be any acid, inojrganic or organic, which is 

10 effective in the generation of the diazonium salt Preferred acids include nitric acid, HNO3, 
hydrochloric acid, HCl, and sulfuric acid, H2SO4. 

The diazonium salt may also be generated by reacting the primary amine with an 
aqueous solution of niu-ogen dioxide. The aqueous solution o< ; nitrogen dioxide, NO2/H2O, 
provides the nitrous acid needed to generate the diazonium salt. 

15 Generating the diazonium salt in the presence of excess H Cl may be less preferred than 

other alternatives because HCl is corrosive to stainless steel. Generation of the diazonium salt 
with NOi/IijO has the additicnal advantage of being less corrostve to stainless steel or other 
metals commonly used for reaction vessels. Generation using H^SO^/NaNOj or HNOj/NaNO-, 
are also relatively non-corrosive. 

20 In general, generating a diazonium salt from a primary amine, a nitrite, and an acid 

requires two equivalents of acid based on the amount of amine used. In an in situ process, 

the diazonium salt can be generated using one equivalent of ihe acid. When the primarj' 

amine contains a strong acid group, adding a separate acid may not be necessary. The acid 

group or groups of the primary amine can supply one or both of the needed equivalents of 

25 acid. When the primary amine contains a strong acid group, preferably either no additional 
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«.d or up u, one e,uival«, of addWo„a, acid is .ddcd „ a p^oes. of ft. i„ve„Uo„ » 
generate ftc diazo™™ ,,1, s^. a ^igh, excess of additional acid n»,y be used. One 
example of such a prim^ is para-aminobenzenesulfonic «=id (sulfanffic «dd). 

to eene^l, diioni™ salts ate thennally unstable. Hey are typically 
solution at low ten,p^ann^ such . O-S-C. and used without isolation of the salt Heating 
solutions of so™, dia^uun. salts ntay libe,«e nittogen and fom, either th. corresponding 
alcohols in acidic media or the organic fte. radices in basic media. 

H^. th. diazoniunt s^t need only be sufficiently stable to allow taction with the 
earbonac^us material. Thu. the processes can be carried out with some diazonium salts 
otherwise consid«d to unstable and subject to decomp^ition. Some decom^sitmn 
proc^ses ma, compete with the ..action bet^en ea^H,^ material and «,e 
diazonlum sah and may teduce the total numb„ of ot^c groups attached to the 
carbonaceous material. Futfter, the region may b. cried out at eievated tempetatu,^ 
"here many diazomum salts may be susceptible to decomposlUon. Elected tempe.«ur» may 
also advantag«,usly incteas. the solubility of the diazonium sah the reaction medium and 
.mpro™ its handling during the ptocess. H„«ver, elevated tempetatures may result in some 
loss of the diazonium salt due to other decomposition proc«s«. 

Reagents c«, be «lded to form th. diazonium salt ^ sUu. to a suspa«ion of 
cattonac^us materia, in the reaction medium, M «aM., water. Hus. a carbonaceous 
material susp«.i„„ to be used may alre^y contato one or m... regents to g^terat. the 
dtazonium salt and the proc^ accomplish«l by adding d,e „maintag reagent. 

Reactions to form a diazonium salt are compatible witi, . large vari«y „f totedonal 
groups commonly ^ ^ ^ ^ ^^^^ 

for ruction wifl, a carb„„«^„s ma,»al Umit, the process^ of the invention. 
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The processes can be carried out in any reaction meditun which allows the reaction 
between the diazoniiun salt and the carbonaceous material to proceed. Preferably, the reaction 
medium is a solvent-based system. The solvent may be a protic solvent, an aprotic solvent, 
or a mixture of solvents. Protic solvents are solvents, like witer or methanol, containing a 

5 hydrogen attached to an oxygen or nitrogen and thus are sufficiently acidic to form hydrogen 
bonds. Aprotic solvents an; solvents which do not contain ain acidic hydrogen as defined 
above. Aprotic solvents include, for example, solvents sucllli as hexanes, tetrahydrofuran 
(THF), acetonitrile, and beiizonitrile. For a discussion of ptotic and aprotic solvents see 
Morrison and Boyd, Organic Chemistrv. 5th Ed., pp. 228-231, :(Allyn and Bacon, Inc. 1987). 

0 The processes are preferably carried out in a protic reaction medium, that is, in a proltc 

solvent alone or a mixture of solvents which contains at least one protic solvent. Preferred 
protic media include, but arc not limited to water, aqueous media containing water and other 
solvents, alcohols, and any media containing an alcohol, or mixtures of such media. 

The reaction between a diazonium salt and a carbonaceoijis material can take place with 

5 any type of carbonaceous nnaterial, for example, in finely divi^iled state or pelleted form. In 
one embodiment designed ta reduce production costs, the readtion occurs during a process 
for forming carbonaceous material pellets. For example, a carbonaceous material product of 
the invention can be prepared in a dry drum by spraying a solution or slurry of a diazonium 
salt onto a carbonaceous material. Alternatively, the carbonatieous material product can be 

iO prepared by pelletizing a carbonaceous material in the presence of a solvent system, such as 
water, containing the diazo)iium salt or the reagents to generate the diazonium salt in situ. 
Aqueous solvent systems ate preferred. In general, the prcicesses produce inorganic by- 
products, such as salts. In some end uses, such as those disci^ssed below, these by-products 
may be undesirable. Several possible ways to produce a carbonaceous material product 

15 without unwanted inorganic by-products or salts are as follows: 

SUBSTITUTE SHEET (RULE 26) 
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First. the diazonium salt can be purified before use by removing the unwanted 
inorganic by-product using means known in the art. Second, the diazonium salt can be 
generated with the ' use of an organic nitrite as the diazotization agent yielding the 
corresponding alcohol rather than an inorgamc salt. Third, when the diazonium salt is 
5 generated from an amine having ,an acid group and aqueous NO, no inorganic salts are 
formed. Other ways may be known to th&se of skill in the art. 

In addition to > the inorganic by-products, the process may also produce organic 
byproducts. They can be removed, for example, by extraction with organic solvents. Other 
ways of obtaining products without unwarranted organic byproducts may be kno^ to those 
10 of skill in the art. and include washing or removal of ions by reverse osmosis. 

The reaction between a diazonium salt and a carbonaceous material forms a 
carbonaceous material product having an organic group attached to the carbonaceous material. 
The diazonium salt may contain the organic group to be attached to the carbonaceous material. 
It may be possible to produce the carbonaceous material products of this invention by other 
15 means known to those skilled in the art. 

The organic group may be an aliphatic group, a cyclic organic group, or an organic 
compound having an aliphatic portion and a cyclic portion. As discussed above, the 
diazonium salt employed can be derived from a primary amine having one of these groups and 
being capable of forming, even transientiy. a diazonium salt. The organic group may be 
^0 substituted or unsubstituted. branched or unbranched. Aliphatic groups include, for example, 
groups derived from alkanes. alkenes. alcohols. eU:ers. aldehydes, ketones, carboxylic acids, 
and carbohydrates. Cyclic organic groups include, but are not limited to. alicyclic hydrocarbon 
groups (for cample, cycloalkyls. cycloalkenyls). heterocyclic hydrocarbon groups (for 
example, pyrrolidinyl. pyrrolinyl. piperidinyl. morpholinyl, and tite like), aryl groups (for 

■5 example, phenyl. naphti>yl. anthracenyl. and the like), and heteroaryl groups (imidazolyl 

SUBSTITUTE SHEET (RULE 26) 
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pyrazolyl, pyridinyl, thienyl. thiazolyl, furyl, indolyl, and the l^ike). As the steric hinderance 
of a substituted organic group increases, the number of organic groups attached to the 
carbonaceous material, from the reaction between the diazoniiim salt and the carbonaceous 
material may be diminished. 

When the organic gro jp is substituted, it may contain any functional group compatible 

with the formation of a diazc nium salt. Function^ groups include, but are not limited to. R, 

OR, COR, COOR,,OCOR, carboxylate salts such as COOLi, pOONa, COOK, COONR/, 

halogen. CN, NR^. SOjH, sulfonate salts such as SO,Li, SOjNa, SO,K, SO,NR,*, OSCH, 

OSO,- salts. NR(COR), CONRj. NO^, POjH,, phosphonate salts isuch as POaHNa and PO^Na,, 

phosphate salts such as OPOjHNa and OP0,Naj, N"NR, NR,^X , PRj^X', S,R, SSO3H, SSO{ 

salts, SO^NRR'. SO^SR. SN:«l', SNQ, SO.NQ, CO^NQ, S-(l ,4-piperazinediyl)-SR. 2.(1.3- 

■ dithianyl) 2-(I,3-dithiolanyl). SOR, and SOjR. R and R', which: can be the same or different. 

are independently hydrogen, branched or unbranched C.-C^o substituted or unsubstituted. 

saturated or unsaturated hydn)carbon, e.g., alkyi, alkenyl, alkynyil, substituted or unsubstituted 

15 aryl, substituted or unsubsdtuted heteroaryl, substituted or, unsubstituted alkylaryl, or 

substituted or unsubstituted a^lalkyl. The integer k ranges from 1-8 and preferably from 2-4. 

The anion X' is a halide or sm anion derived from a mineral cir organic acid. Q is (CHj)^.. 

(CHj),0(CH,)„ (CHj),NR(CHi)„ or (CH,\S(CH,)„ where w is!an integer from 2 to 6 and x 

and z are integers from 1 to 6. In the above formula, specific e>;amples of R and R' are NH^- 

20 QH,-, CHjCHj-C^H^-NHj, CH2-C«H,-NHj, and C^H,. 

Another example of an organic group is an aromatic groug* of the formula A^Ar-, which 

corresponds to a primary amine of the formula A^ArNHj. In this formula, the variables have 

the following meanings: Ar is an aromatic radical such as an arj l or heteroaryl group. Ar can 

be selected from the group consisting of phenyl, naphthyl, : anthracenyl, phenanthr«nyl. 

biphenyl, pyridinyl, benzothiadiazolyl, and benzothiazolyl; A is a substituem on the aromatic 
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radM independent,, . ^ ^^^^ 

linear, brands! or eyclic hydroe^bon radical (preferably containing 1 to 20 carbon ato^s) 
u»ubsti.u.«. or snbstit^ed with one or more of those ftncdonal gtoups; «^ y is an in..g« 
Son. . .0 «,e tou, „, .ch radicals in the aromatic radical. For instance, y is an 

in«g« fton, 1 .0 5 wh« Ar is phenyl, 1 to 7 when Ar is „aph«,yt 1 to , „hen Ar is 
anthracenyl. phenanthrenyl, or biphenyl, or I to 4 when Ar is pyridinyl. 

Another set of organic groups which may be attached to the carbonaceous materia are 
organic groups substituted with an ionic or an ionizable group as a functional group. An 
ionizable group is on. which is capable of fonntag an ionic group in U,e mediun, of use. The 
ionic g„up n«y be anionic group or a cationic group and th. ionizable group 
an anion or a cation. 

Ionizable functional groups fonning anions include, for example, acidic groups or salts 
Of acidic groups. The organic groups, thc^ore. include g^ups derived ftom organic adds. 
Preferably, when i. contains an ionizable group fomdng an anion, such an organic group has 
a) an aron^c group or a C,.C„ alkyl group and b) a, leas. on. acidic group having a pKa 
of l«s than 1 1 . or a, one sal. of an acidic group having a pKa of l«s than .1. or a 
mixn-re of a. leas, one acidic group having a pKa of less U»n ,1 and a. leas, one sal. of an 
acidic gtoup having a pKa of less U,an 1 1 . The pKa of d,. acidic group refers .o ^ pKa of 
th. organic group as a whole, no. jus. d,e acidic substituen.. More preferably, Ae pKa is less 
.0 and n,os, p^ferably less *an 9. P^fchi,, .he aromatic group or the C,C,. allcyl 
group of *e organic group is directly attached «, ti« carbonaceous m.«Hal. Tlte aromatic 
group may be further subsUti«ed or u„substi.u«d. for «amp,e, with alkyl group, 

group can b. a ph«,yl or a „aphti,yl group and ti,. aCdic group is a sulfonic acid 
group, a suBinic acid group, a phosphonic acid group, or a carboxylic acid group. Examples 

Of these acidic groups and their salts are discussed above Th. 

uisfcussea aoove. The organic crouo can be a 
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substituted or unsubstituted suifophenyl group or a salt thereof; £.1 substituted or unsubstituted 
(polysulfo)phenyl group or a jialt thereof; a substituted or unsubstituted sulfonaphthyl group 
or a salt thereof; or a substituKsd or unsubstituted (polysulfo)naphthyl group or a salt thereof 
An example of a substituted sulfophenyl group is hydroxy sulfopbfenyl group or a salt thereof. 

Specific organic groups having an ionizable functional gfoup forming an anion (and 
their corresponding primary aoiines for use in a process according to the invention) are p- 
sulfophenyl (p-sulfanilic acid). 4-hydroxy.3-sulfophenyl (2-hydroxy-5-amino-benzenesulfonic 
acid), and 2-sulfoethyl (2-amirioethanesulfonic acid).; 

Amines represent examples of ionizable ftincUonal groups that form cationic groups. 
For example, amines may be protonated to form ammoniunj groups in acidic media. 
Preferably, an organic group having an amine substituent h»s a pKb of less than 5. 
Quaternary ammonium groups (-NRj') and quaternary phosphonium groups (-PRj*) also 
represent examples of cationic groups. The organic group can cor^tain an aromatic group such 
as a phenyl or a naphthyl group and a quaternary ammonium or; a quaternary phosphonium 
group. The aromatic group is preferably directly attached to the carbonaceous material. 
Quatemized cyclic amines, and even quatemized aromatic amines, can also be used as the 
organic group. Thus, N-substiluted pyridinium compounds, such as N-methyl-pyridyl, can be 
used in this regard. Examples of organic groups include,; but are not limited to, 
(C,H,N)C,H,*X-, QH,(NC,H,)*X-, C4H,C0CHjN(CH,),*X-, C,H,COCH2(NC5H,)*X;, 
(C5H,N)CH3*X-, and C,H,CHjN(CHj)3*X-, where X" is a halide or an anion derived from a 
mineral or organic acid . 

i 

Aromatic sulfides encompass another group of organic groups. These aromatic sulfides 

can be represented by the formulas Ar(CHj),S,(CHj)^r' or A-(Cl|l,),SK(CHj)/ir" wherein Ar 

and Ar' are independently substituted or unsubstituted arylene or heteroarylene groups, Ar" 

is an aryl or heteroaryl group, k is 1 to 8 and q and r are 0-4. S»^bstituted aryl groups would 
SUBSTITIJTE SHEET (RULE 26) 
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include substituted alkylaryl groups. Examples of aiylene groups include phenylene groups, 
particularly p.phenylene groups, or benzothiazolylene groups. Aryl groups include phenyl, 
naphthyl and benzothiazolyl. The number of sulfurs present, defined by k preferably ranges 
from 2 to 4. Examples of carbonaceous material products are those having an attached 
aromatic sulfide organic group of the formula -(CA)-S.-(CA>. where k is an integer from 
1 to 8. and more prefei^bly where k ranges frpm 2 to 4. Other examples of aromatic sulfide 
groups are bis.para-(QH,)-S,-(QH,)- and para.(QH.)-MQH,). The diazonium salts of these 
aromatic sulfide groups may be conveniently prepared from their corresponding primary 
amines. H^N-Ar-S^-Ar'-NH, or H,N-Ar-S,-Ar". Groups include dithiodi-4. Nphenylene. 
tetrathiodi-4.1-,,henylene. phenyldithiophenylene. dithiodi.4.1.(3-chlorophenylene). ^4-C,H,)- 
S-S-(2-CH,NS). -(4.C,H0.S-S-(4-C.H,)-OH. M2-C,}i,mySK -(4.QH,)-CH,CH,-S-S. 
CH,CHH4.QH,),.(4.QHJ-CH,CH,-S-S-S.CH,CHH4-^^^^ 

QH,)-S.S.(3.QH,)-. -6-(QH,N,S)..6-(2.C,H3NS).S.NRR' where RR' is -CH.CH.OCH.CH,-, 
-(4-CA)-S-S-S.S-(4-QH.).. -(4.CA)-CH=CH, -(4-QH.)-S.S03H, -(4-QH.).S0,NHkI 
15 W.S.S.(4.CA)-NHSOH4-QH,),.6-(2-C,H,NS).S-S-2K6-QH3NS)-..(^^^^ 
CW-.-(4.C,H>SO,-S^4-QH,K.(4-C,HJ-CH,^^^^^^ 

CA)-. -(4.QH,).CH,-S.S-CHH4.QH,)-. -(3.C^,)-CH,-S-S-CH,-(3-QH,).. -(4.C,H,).S- 
NRR'. where RR' is -CH,CH,OCH,CH,.. -(4-CA)-SO,NH-CH,CH,.S.S-CH,CH,.NHSO,.(4- 
C«H,).. -(4^,H,).2.(1.3-dithianyl). and -(4-CA)-S-(1.4.piperi2inediyl)-S-(4-QH,)-. 
20 Another set of organic groups which may be attached to the carbonaceous material are 

organic groups having an aminophenyl. such as (C,H,)-NH,. (C.H,)-CH,-(C.H,).NH,. (QH,)- 

Any one or more of these organic groups, after attachment to the carbonaceous material 
which permits adsorption, and preferably an increase in the adsorption capacity of the 

25 carbonaceous material may be used in the present invention 
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.Preferably, the organic group attached to the carbonacec^us material is ah acid or base 
or a sail of an acid or base, and specific examples include phejjiyl or naphthyl groups having 
substiiuents like sulfonic acid, and carboxylic acid Quaternary ammonium can also be used. 
Most preferred organic groups attached to the carbonaceous imaterial are (QH4)-S03-Na\ 
5 (QH4)-S03''K% (C^H4)-S03■Li^ and the like. Generally, an acid-type organic group attachment 
will be useful in adsorbing basic adsorbates while a base-type Organic group attachment will 
be useful in adsorbing acidic adsorbates. 

A combination of different organic groups is possible, i For instance, it is within the 
bounds of the present inyeniion to attach more than one type laf organic group to the same 
10 carbonaceous material or ust; a combination of carbonaceous rrjiaterials, wherein some of the 
carbonaceous material has bsen modified with one organic group and another portion of the 
carbonaceous material has been modified with a different organic group. Varying degrees of 
modification are also possible, such as low weight percent or mrfact area modification,- or a 
high vyeighl percent or surface area modification. Also, mixtures of modified carbonaceous 
15 material and unmodified carbonaceous material can be used. . 

Preferably, the modified carbonaceous materials of thcj present invention, especially 
when the attached organic group is a phenyl or naphthyl group having substituents like 
sulfonic acid, carboxylic acdd, or quaternary ammonium or jialts thereof, can be directly 
analogous to polymeric ion exchange resins. These types of mbonaceous materials of the 
present invention can hav<5 one or more of the followin^^ properties as compared to 
conventional polymeric ion exchangers: 

a) higher temperature stability; 

b) greater resistance to swelling; and 

c) greater mechanical strength without adversely affecting uptake kinetics. 
!3UBSTmJTE SHEET (RULE 26) 
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Furthennore. the modified carbonaceous materials of the present invention, besides 
being used as adsorbents, can also be used in separations ranging from water treatment to 
metals sepaiBtion/recovery. ion exchange, catalysis, and the like. An additional advantage of 
an adsorbent possessing exchangeable groups as described above is that it confers on the 
material the ability to be further surface modified using ion exchange procedures. 

With respect to the adsorbates. any adsorbate capable of being adsorbed by one or more 
of the modified carbonaceous materials of the present invention is contemplated to be within 
the bounds of the present invention. Examples include, but are not limited to, polar species 
such as water, ammonia, mercaptans, sulfur dioxide, and hydrogen sulfide. By >lar species." 
it is understood that this is a species whose electronic structure is not symmetrical. This 
includes molecules that possess dipole moments, for example H,0 and NH,: and/or molecules 
that possess quadrupole moments, such as CO, and molecules that possess unsaturated pi 
bonds (B). such as alkenes, alkynes. and other organic and inorganic compounds with double 
and triple bonds. Non-polar species such as argon, oxygen, methane, and the like can also be 
adsorbed with the appropriate modified carbonaceous materials of the present invention. In 
view of the description provided in ti^is application, those skilled in the art will be able to 
determine which organic groups need to be attached to the carbonaceous materials in order to 
achieve the most effective adsorption affinity or increase in adsorption, depending upon the 
adsorbate and the adsorption processes involved. 

By developing an adsorbem composition containing a modified carbonaceous material 
capable of adsorbing an adsorbate, selectivity for a particular adsorbate • can be enhanced. 
Using tiie proper modified carbonaceous material, one can selectively adsorb particular species 
from a multicomponent mixture. In other words, modifying the carbonaceous material to 
create the adsorbent composition of the present invention can decrease adsorption affinity for 
one component in order to maximize ti.e adsorption affinity of another component which will 
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maximize separation of the second component from the first component. Furthermore, by 
increasing adsorption of polai species, this further results in the relatively decreased adsorption 
of nonpolar species which improves selectivity. Further, the c^bonaceous material can be 
modified in such , a manner as to add a hydrophobic groUp to "disable" the oxygen 

5 functionalities on the surface of the carbonaceous material to increase the selectivity for the 
adsorption of nonpolar speciijs. 

The adsorbate can be in a liquid phase or in the gaseoi'is or vapor phase, depending 
upon the needs and desires c<f the user. Certain adsorbates can; be more efficiently adsorbed 
from the vapor or gaseous pLiases than from the liquid phase or vice versa, and the modified 

10 carbonaceous materials of the present invention are effective in adsorption from either phase. 

One advantage of the present invention is to modify the surface of an activated carbon 
or carbon black adsorbent extensively, without damaging the strijicture or making the adsorbent 
more friable. For instance, a carbonaceous material can be surface modified based on the 
present invention with exchangeable sodium cations attached to the surface. This is very 

15 useful from the point of view of substituting different ions |to alter the chemistry of the 
surface. 

The beneficial effecl of using the modified carbonaceous materials of the present 
invention for the purpose of adsorption can be demonstrated by comparing the adsorption 
isotherms of an adsorbate on an unmodified carbonaceous adsorbent and the same 
20 carbonaceous adsorbent modified in accordance with the present invention. 

The present invention will be further clarified by the f(!>llowing examples, which are 
intended to be purely exempJary of the present invention. 

EXAMPLES 

The effectiveness of the surface modification of exemplary carbonaceous material was 

25 determined by comparing the adsorption isotherms of various adsorbates on the unmodified 
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carbonaceous materials, witf, adso^,i„„ i„to,s ontte earbOMoeous n^^rials modified u, 
acco^lanc. wift pre«„, used were ™ter and CO.. bu, ote 

adsorbates could also be used. 
Example \ 

Pellets of Bl,ck PearlsV 430 carbon black and Darco S51 activated carbon from Norit 
were surface-modified using the following procedure: 

gurfecg modification afW^ rV pearls7 A} n r^jV^^j^ ff^^^y. 

A dispersion of 5 ml of water dilutable phenol-formaldehyde thermosetting ^sin 
(Schenectady International. Schenectady, NY) in 50 mL of water mixed with 50 g of 
Black Pearlsv 430 carbon black (available from Cabot Co^.. Boston, MA). The mixture was 
pressed in 1 g portions using a 0.25 inch stainless steel die at a pressure of 5000 psi. The 
pellets were heated under flowing argon at 1 lOX for one hour and at US'C for one hour to 
cure the ,^n. The temperatui. was then raised under flowing argon at 20-C/min until a 
temperature of 650-C was reached. The temperature was then held at 650-C for three hours 
and cooled under flowing argon. The pellets were then crushed into pieces about 1 mm by 
2 mm. 

An aqueous soluUon of 0.81 g of sodium nitftt in abou, I g of water was added u, a 
-i«"re of 16.8 g of U»= carbon black granules. 2.04 g of sulfanilic ^ and 50 g of water 
d»t was surring a, 84-C. After sHrring fo, ,wo hours, fte n^ulUng material was dried in an 
20 oven at 65°C. 

■ Surface modificatinn nf activaterf r^t^ j]- 

An aqueous soludon of 30.5 g of sodium nitriU: in about 100 g of water was added to 
a boiling mixnne of 130 g of DARCO S5I ac«vated carbon (available from Norit). 76.5 g of 
sulf^ulic acid, and 1300 g of w«er. After stirring for 15 minutes, the beting was 
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discontinued and the mixturs was allowed to cool to room teitiperature with stirring. The 
resulting material was dried overnight in an oven at 50°C. 
Ion Exchange: 

The surface modified carbons were washed with a large .^mount of deionized water and 
dried. The material thus obtained was in the sodium form. Furtfier modification of the carbon 
into potassium and lithium fcrms was carried out by ion exchange using 2M solutions of KOH 
and LiOH, respectively. The ion-exchanged material was washed thoroughly and dried. 
Adsorption experiments wen: carried out on the washed, dried materials. 

The surface areas of the unmodified and surface modificsd carbon materials are shown 
in Table 1 below. Surface areas were calculated from nitrogen (77 K) adsorption data using 
the BET formalism (S.J. Gregg and K.S.W. Sing, in Adsorption, Surface Area, and Porositv. " 
Academic Press, 1982). The adsorption experiments were Girried out on an ASAP 2000 
automated instrument, mahiiiiactured by Microraeritics Corp. 
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Table 1; Surface Areas and Pore Volumes of 
Unmcdified and Surface Modified Maiterials 



Sample ID 


BET Surface 
Area, m^/g 


Pore Volume, 
cmVg 


BP 430 pellets, unmxiified 


99 


0.518 


BP 430, modified, washed 


92 


0.49 


Darco 851 


694 


0.809 


Darco 851, modified, washed 


141.3 


0.279 



While the activated carbon lost some surface area and i:»ore volume after the surface 

modification treatment, both the carbon black and the activated carbon underwent an increase 

in adsorption capacity per unit surface area as a result of the surface modification. The loss 

of any surface area and pare volume may be mitigated by )>re-treaUng the carbonaceous 
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material with immiscible organic solvent, like heptane. The results from adsorption of water 

vapor at 298 K on the unmodified and modified material are shown in Figure 1 (carbon black) 

and Figure 2 (activated carbon). The water adsorption experiments were carried out by a 

batch technique that involved equilibrating the sample with water vapor at a constant relative 

humidity, in a sealed cell. The constant relative humidities were attained by using saturated 

salt solutions, which have known relative' humiditibs above their suriface. 

Botii tiie activated carbon and carbon black contained Na* ions on tiie surface after tiie 

surface modification was carried out. The Na* ions can be substituted by other ions using 

standard ion exchange procedures (e.g.. see Ion Exchancre. by F. Helfferich. McGraw-Hill, 

1962). The water adsorption isotherms for die surface-modified materia] with Na* ions on 

the surface, as well as the other ionic forms derived by ion exchange, are shown in Figures 1 

and 2. The adsorption isotiierms show the quantity of water vapor adsorbed, per gram of 

adsorbent, as a function of tiie relative pressure of water vapor. Figures 3 and 4 show tiie 

same data normalized by tiie BET surface area of tiie materials. It is clear tiiat tiie adsorption 

15 capacities per unit area of tiie carbon black. Black Pearls? 430 cari>on black and tiie Darco 

S51 carbon black, are considerably enhanced by tiie surface modification described in this 

invention. In addition, flie shape of tiie water adsorption isotiierm is changed as a result of 

tiie surface modification (concave upward, to linear or convex upward). 

The surface modification technique of tiie present invention may affect the adsorption 

of gases like COj as weU, which possesses a quadrupole movement. Figure 5 shows the 

adsorption isotiierm of CO, from the gas phase at 273 K on tiie same unmodified and modified 

Black Pearls? 430 carbon black. Adsorption of CO, was carried out on an ASAP 2000 

automated adsorption system manufactured by Micromeritics Corp. The figure shows tiie 

quantity of CO, adsorbed as a function of the CO, pressure. Clearly, tiie adsorption of CO, 

25 is enhanced by tiie carbon surface modification technique described in tins invention. 
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- -Other embodimenls of the presex^^^^^ will be appdrent to those skilled in the art 

from consideration of the specification and practice of the in\ ention disclosed herein. It is 
intended that the specification and examples be considered ai^ exemplary only, with a tme 
scope and spirit of the invention being indicated by the following claims. 
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WHAT IS CLAlMEn 

1. Anadsorbent composition comprising a modified carbonaceous materia] capable 
of adsorbing an adsorbate wherein at least one organic group is attached to said modified 
carbonaceous material. 

5 2. The .adsorbent composition of claim 1. wherein said organic group is 

(CAVSOjTMa*. (QH,).SO,Li*. orCQH,)SO,-K\ 

3. The adsorbent composition of claim I. wherein said organic group is 
P-C«H,S0,NH, or -QH,NHj. 

4. The adsorbent composition of claim I, wherein said organic group is 
10 hydrophilic. 

5. The adsorbent composition of claim 1. wherein said modified carbonaceous 
material is activated carbon or carbon black. 

6. A method to increase the adsorption capacity of a carbonaceous material capable 
of adsorbing an adsorbate comprising attaching to said carbonaceous material at least one 

15 organic group capable of increasing said adsorption capacity. 

7. The method of claim 6. wherein said carbonaceous material is activated carbon 
or carbon black. 

8. The method of claim 6. wherein said organic group is (QH,).SO,-Na\ 
(CjH,).SO, Li\ or (QH,)SO,-K\ 

"^^ ""^^"^ °^ 6. wherein said organic group is p-C.H^SO^NHj or 

10. The method of claim 6. wherein said organic group is hydrophUic. 
n . The method of claim 6. wherein said adsorbate is polar. 
12. The method of claim 6. wherein said adsorbate is water, ammonia, carbon 
25 dioxide, sulfur dioxide, or hydrogen sulfide. 
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- Ur The method of claim 12, said adsorbate is water. 

14. The method ol* claim 6, wherein said adsorbate i<; non-polar. 

15. The method of claim 14, wherein said adsorbate is argon, oxygen, or methane. 
5 16. The method oi* claim 6, wherein said adsorbate h in the gas or vapor phase. 

17. The method of' claim 6. wherein said adsorbate is in the liquid phase. 

18. A method to adsorb an adsorbate comprising coriitacting said adsorbate with a 
modified carbonaceous material capable of adsorbing said adiJorbate wherein at least one 
organic group is attached to said modified carbonaceous material. 

10 19. The method of claim 18, wherein said modified carbonaceous material is 

activated carbon or carbon b!iack. 

20. The method c»f claim 18, wherein said organic: group is (QHJ-SOj'Na' , 
(C,H4)-S03 Li\ or (QH,)SO/K\ 

21. The method cf claim 18, wherein said organic group is P-C6H4SO2NH2 or 

15 

22. The method of claim 18, wherein said organic gpoup is hydrophilic. 

23. The method of claim 18, wherein said adsorbate is polar. 

24. The method of claim 18, wherein said adsorbate is water, ammonia, carbon 
dioxide, hydrogen sulfide, argon, oxygen, or methane. 

20 25. The method o f claim 24, wherein said adsorbate is water. 

26. The adsorbent composition of claim 1, wherein said organic group contains an 
exchangeable' ion. 

27. An ion excharge material comprising the adsorbent composition of claim 26. 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCIO: <WO 97.t73a2Al_t_> 



wo 97/47382 PCTA;S97A>8859 

1/5 



20 



15 



■"-9 — Unmodified 
-B— Modified. Na+form 
Modified, K+form 
'®'*Modifeied, Li+fonn 



m 



g 10 

I 
< 




0.1 0^ 0.3 0.4 0.5 0.6 0.7 0.8 0.9 



P/Pr 



FIG. 1 



SUBSTITUTE SHEET (RULE 26) 



wo 97/47382 



2/5 



PCT/US97/08859 




SUBSTITUTE SHEET (RULE 26) 



wo 97/47382 PCT/US97/0S859 

' r 

3/5 




SUBSTITUTE SHEET (RULE 26) 



wo 97/47382 



PCTAIS97/08859 



A/5 




SUBSnrUTE SHEET (RULE 26) 

BNSOOCIO: <WO„_97173e2A1J_> 



wo yilATSSl PCT/US97/088S9 

5/5 




O 0 0 o 



^—Unmodified 

Modfied, Na-«-form 



J 



100 200 300 400 500 600 700 800 
Pressure, mm Hg 



FIG. 5 



SUBSTTTUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


Ink , * onal Applipabon No 

PCT/US 97/08859 


IPC 6 BO1J2O/20 BQ1J39/24 B01J41/18 

According to Iniemational Kaleni Clawjficatjon (IPCi or to both nAtional clamfication uid IPC 


B. RHLDS SEARCHED 


Miramum documcnution search ed (clusiricaoon lyiiem followtd by clusiticftlion symbols) 
IPC 6 BQIJ 


Documcnution searched other than minimum documsnlatioii to the extent that such documenu are mdudcd in the fields searched 


Ele^:^ronIC data base contuJicd during (he intemaUoniJ seareh (name of dau base and. where pracbcal, scardi, temu used) 


c, ^)0cu^ 


lENTS CONSIDERED TO BE RELEVANT 


Category ' 


Ouiion of document, with indication, where appropnale. of the relevant passages 


Relevant to claim No. 


A 

A 

A 
A 


wo 95 01838 A (THE SECRETARY OF STAGE FOR 
DEFENCE OF UKOF 6B) 19 January 1995 
see page 10, paragraph 2 
see page 15-18; claims 1-18 

US 4 265 768 A (BEASLEY) 5 Nay 1981 

see column 1.1-14; claims 1-22 

US 4 320 Gil A (SATO) 16 March 1982 
see column 8; claims 1-6 

US 4 831 Oil A (OIKAWA) 16 Hay 1989 

see column 4, line 32 - column 8, line 30 

-/-- 


1.5-7. 
16,18.19 

1,6,17, 
26,27 

1 

1,4-6, 
10-12, 
16,18, 
19.22-24 


1^ Further documents are hited in the continuatiDn of box C. |^ Patent family membm are htted 


n annex. 


Soeaal catcgoncs of cited documents : 

'T' later document publichctj: after tJK intern aooaal Tilmg dale 
'A document defming the general state of the an wliich it not ^ pnority date and not jn conflict with the application but 
considered to be of particular relevance the jinnaple or theory undcriying the 

E" earlier document but published on or aOer the international -v. ^ , . . 

filing date ^ document of particular itHevance; the daimcci invention 
. j^- ^ . ^ . cannot be considered nr^vcl or cannot be corvadered to 

I, cJocument which may throw doubts on pnopty claim(s> or involve an inventive ste^i when the document is taJcen alone 
which IS ated to csiabhsh the publication date (^f another -v. ^ , ■ "wvumcm. is uwcn wwe 
aution or other speaal reason (as specified) ^ document of pamcular nJcvancr. the daimed invention 

. . / . 1 J- . cannot be considered to involve an inventive stco when the 

^SSr^ '* * »o « <^»1 disclosure, use, exhibition or document u combined .«th one or monTother Sch Sr^ 
other means ments. such contbinfttioTi being obvious to a penon skilled 
*P' document pobttshed prior to the intcmatioful filing date but in (he aft 

later than the priority date claimed 'A' document manber of thfi »»mc patent family 


Dr u of the actual completion of the international fctrcb 

25 September 1997 


Date of mailing of the ir^icmaiional learch rtfx>n' 

-110.97 


Nrme and mailing address of the ISA 

European Patem Office* P.B. SSIB Patentiaan 2 
Nt • 22B0 HV Riiswtjk 
Tci. ( + JI.TO) J4O-204O, Tx. 11 631 epo nl. 
Fajc(*31.70) 340-3016 

Panr« PCT/ISA.r2iO litcOAd ihaall lJulv 1M}1 


Aulhoriaed officer 

Wendling, J-P 



pftge 1 of 2 

3NSD0C10: <W0 07473B2A1_L> 



INTERNATIONAL SEARCH REPORT ^ App»ie*ii«, no 

PCT/US 97/08859 




i»uon( DOCUMENTS CONSIUEREU TO BE RELEVANT —————— ————— 




uuDun MdocufflcM, with indieiOon, wbef« tppraphtic, of Um relcvint ptmcu i 


Rxlevant to claim No. 


A ■ 


PATENT ABSTRACTS OF JAPAN 

vol. 5.. no. 148 (C-072) 

& JP 56 078629 A (KUREHA CHEM) 

see abstract '"' 

t • . i 


l»2.4-8, 

10-12. 

16. 

18-20. 
22-24 

i 



BNSOOCID* <W0 . 974T3a2A1 I * 



INTERNATIONAL SEARCH REPORT 



•nfomuuion m\ patent funily members 


Inb. . -nai Applicaban Na 

PCT/US 97^08859 


Patent document 
cited in learch report 


Pubttcation 
date 


PMcnt family 
m«nbcr(s) t 


Publication 
dale 


wo 9501838 A 


19-01-95 


AU 7078694 A 
CA 2166609 A 
CN 1129913 A 
EP 0708686 A 
6B 2295826 A 
JP 9500572 T ; 


06-02-95 
19-01-95 
28-08-96 
01-05-96 
12-06-96 
21-01-97 


US 4265768 A 


05-05-81 


CA 1125264 A 
EP 0031586 A 
JP 56G97552 A 


08-06-82 
08-07-81 
06-08-81 



US 4320011 A 16-03-82 ' JP 56026972 A = 16-03-81 

CA 1143359 A 22-03-83 
EP 0025281 A : 18-03-81 



US 4831011 A ■■ 16-05-8? JP 62191040 A 21-08-87 



Ponn PCT/ISA/31* (p«t«>t r«ntty mhw) (July 1913) 

BNSDOCID: <W0 OTA'-OSaAl J_> 



